We have applied Padé approximants to perturbative QCD calculations of event shape observables in e + e − → hadrons. We used the exact O(α 2 s ) prediction and the [0/1] Padé approximant to estimate the O(α 3 s ) term for 15 observables, and in each case determined α s (M 2 Z ) from comparison with hadronic Z 0 decay data from the SLD experiment. We found the scatter among the α s (M 2 Z ) values to be significantly reduced compared with the standard O(α 2 s ) determination, implying that the Padé method provides at least a partial approximation of higher-order perturbative contributions to event shape observables.
latter study, as well as studies of other possible extensions to the Standard Model [2] , have been prompted by claims [3] that recent measurements of α s (M 2 Z ) may be grouped into two classes: those made at 'low-Q 2 ', which tend to cluster at values around 0.112, and those made at 'high-Q 2 ', which tend to cluster at values around 0.123; for a review of these measurements see Ref. [4] .
Examination of the large set of α s (M 2 Z ) measurements reveals that in fact all are consistent with a 'world average' central value of about 0.117 with an uncertainty of ±0.005 [4] , and that their grouping into two supposedly discrepant classes is arbitrary and not significant. Furthermore, nearly all measurements are limited by theoretical systematic uncertainties that derive from lack of knowledge of higher-order perturbative QCD contributions, or of non-perturbative effects, or both. 
where the theoretical uncertainty is dominated by the contribution of ±0.0106 from the renormalisation scale variation.
The best resolution of this situation would be to calculate the observables to higher order in perturbation theory, a difficult and unattractive task that has not yet been achieved. In the absence of O(α 3 s ) QCD calculations it has been suggested [11, 12, 13] [14] and is outlined in detail in Ref. [15] . We give a brief review here.
The PA [N/M] to the series:
is defined [16] :
where N and M are integers such that N ≥ 0 and M > 0, and
The coefficients Recently this method has been applied to estimate the O(α 3 s ) term in the perturbative QCD prediction for the inclusive quantities R = σ(e + e − → hadrons)/σ(e + e − → µ + µ − ), R τ = Γ(τ → ν hadrons)/ Γ(τ → eν e ν τ ) and the Bjorken sum rule in deep inelastic scattering [17] . In each case the PA estimate is in good agreement with the exact calculation of the O(α 3 s ) term, which is remarkable since the method does not involve knowledge of strong interaction dynamics. Based upon this success PA estimates have also been made of O(α 4 s ) terms for the same quantities [17, 18] .
In the case of e + e − annihilation into hadronic final states the perturbative QCD prediction for an infra-red-and collinear-safe observable X can be written: (5) where α s ≡ α s /2π. To date only the leading and next-to-leading coefficients A(X) and B(X, µ) have been calculated [7, 8] . Throughout this paper we set the renormalisation scale µ to the so-called physical value µ = Q = √ s; in this case the µ-dependence of the beyond-leading coefficients B, C, . . . vanishes.
We have employed the 15 hadronic event shape observables used in the recent α s (M 2 Z ) determination by the SLD Collaboration [10] , namely 1−thrust (τ ), oblateness (O), the C-parameter (C), normalised heavy jet mass (ρ), total jet broadening (B T ), wide jet broadening (B W ), the differential 2-jet rate defined using the E, E0, P, P0, D and G algorithms (
energy-energy correlations (EEC) and their asymmetry (AEEC), and the Jet Cone
Energy Fraction (JCEF ) [19] . Distributions of these 15 event shape observables were measured [10] using a sample of approximately 50,000 hadronic Z 0 decay events.
The data were corrected for detector bias effects such as acceptance, resolution, and inefficiency, as well as for the effects of initial-state radiation and hadronisation, to arrive at 'parton-level' distributions, which can be compared directly with the QCD calculations.
For each observable X we employed the EVENT program [20] to calculate the coefficients A(X) and B(X) in Eq. 5. These coefficients are listed in Table 1 for a representative value of each observable. In each case it can be seen that the next-to-leading coefficient B is typically an order of magnitude larger than the leading coefficient A. At first sight this appears to make the perturbative approach invalid; it should be noted, however, that the ratio of next-to-leading to leading terms in Eq. 5
contains an additional factor of α s , which is about 1/52 for α s (M 2 Z ) = 0.12, so that in all cases the next-to-leading term is smaller than the leading term. 
Examples of the predictions for C(X) are given in Table 1 . It follows from Eq. 6 that C(X) ≥ 0 and that the ratios C(X)/B(X) and B(X)/A(X) are equal. 
